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I. INTRODUCTION
LLNL is developing nanolaminate-based 
deformable mirrors for terrestrial and space-
based optical systems. We are combining two 
complementary technologies: high-spatial-
density electrostatic actuators and thin, flexible, 
lightweight nanolaminate foils. Electrostatic 
actuation of MEMS-like structures provides 
densely-spaced, repeatable deflections on the 
order of 10 µm. Nanolaminate foils provide a 
mirror surface that is simultaneously flexible 
enough to deform under electrostatic forces and 
tough enough to survive handling and bonding. 
We are working on two similar deformable 
mirrors that will demonstrate the feasibility of 
nanolaminate-based deformable mirrors over a 
wide range of size scales. The high-density 
device has a pitch of 1.255 mm between 1,024 
square pixels. The large-scale device has a pitch 
of 9 mm between 76 hexagonal pixels [1], [2].
Nanolaminate Foils
Nanolaminate foils are a new class of 
materials under developed at LLNL [3]. They are 
produced by sputtering alternating thin layers of 
alternating materials. Each layer is on the order 
of a few nanometers thick, but thousands of 
layers are deposited to build up foils 1–100 µm 
in thickness. When the foil is released from the 
parting-layer-coated mandrel, the foil duplicates 
the mandrel’s high-quality surface figure. The 
fabrication process produces a nano-structured 
material with very small grains and a high 
dislocation density, which results in very high 
strength and toughness. This strength and 
toughness make it possible to fabricate foils that 
are simultaneously strong enough to withstand 
handling and bonding and thin and flexible 
enough to be deformed by electrostatic actuators.
II. DEVICE STRUCTURE
Both devices use the same basic structure, 
modified to fit the size requirements. We create a 
MEMS-like structure with technologies that are 
scalable from the centimeter- to meter-diameter 
devices. The vertical vias that separate layers in a 
MEMS electrostatic actuator are replaced with 
electroplated metal ridges and posts. The 
horizontal silicon layers in a MEMS actuator are 
replaced with nanolaminate layers. The 
nanolaminate actuator layer is attached to metal 
ridges that suspend it above electrodes on the 
surface. A set of metal posts is electroplated on 
the back side of the mirror layer and is used to 
attach the mirror to the actuator layer. 
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Figure 1. Cross-sectional view of the deformable mirrors. 
The grounded spring layer is deformed by electrostatic 
attraction to electrodes on the base layer. The motion of the 
spring layer is translated to the mirror through a set of posts.
This design architecture is highly scalable 
for different pixel sizes. The accuracy of the 
deflection of the mirror is proportional to the 
vertical dimensions. The vertical dimensions are 
all controlled by thicknesses of deposited 
materials. Since it is possible to produce 
electroplated structures and nanolaminate foils 
with well-controlled thicknesses on the order of 
the desired deflections, it is possible to produce a 
mirror with well-controlled deflection.
The sensitivity of this type of structure to 
line-width errors is proportional to the pitch 
between pixels. The high-density devices are 
produced with conventional microlithography 
with line-width errors on the order of a micron. 
The large-scale device is tolerant of line-width 
errors on the order of 50 µm, allowing the parts 
to be defined by conventional printed-circuit-
board lithography techniques that can be used on 
the meter scale.
III. FABRICATION AND TESTING
The base layers for all the prototype 
deformable mirrors reported here are fabricated 
from oxidized silicon wafers. Gold electrodes are 
patterned on the surface and nickel ridges are 
electroplated. Nickel posts are electroplated on 
the bottom side of the nanolaminate mirror 
layers. The spring layer is bonded to the ridges 
on the base layer and the posts are bonded to the 
spring layer with epoxy [4].
Complete 76-pixel large-scale devices were 
assembled by MicroAssembly Technologies 
from base layers and nanolaminate foils 
fabricated at Lawrence Livermore National 
Laboratory. Preliminary testing has measured the 
deflection of both pixels in the middle of the 
array as well as pixels at the edge of the mirror, 
which are less constrained. The middle pixels 
have maximum deflection of 1.5 µm and the 
edge pixels deflect over 4 µm. 
Spring layers have been bonded to base 
layers for the 32 x 32 pixel high-density device 
and the deflection of the spring layer has been 
measured to be as high as 3.6 µm.
Figure 3. A 76-pixel large-scale nanolaminate deformable 
mirror.
Figure 4. The spring layer of a 32 x 32-pixel high-density 
nanolaminate deformable mirror.
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Figure 4. Deflection vs. voltage for the spring layer of a 32 x 
32 high-density mirror.
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Figure 5. Deflection vs. voltage for the 76-pixel large-scale 
deformable mirror.
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